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[Document Name] Specification 

[Title of Invention] IMAGE FORMING APPARATUS AND IMAGE 
FORMING METHOD 
[Claims] 
[Claim 1] 

An image forming apparatus comprising: 

an electrostatic latent image carrier for carrying an 
electrostatic latent image on a peripheral surface thereof; 

a development unit accommodating a toner and adapted to 
develop the electrostatic latent image by the toner; 

a development unit holder capable of holding a plurality 
of said plurality of development units; and 

a controller for said development unit holder for 
controlling an operation of said development unit holder and 
for selectively changing over said development unit used in 
development among said plurality of development units, 

wherein said image formation apparatus is provided with 
an identifying means for identifying at least color information 
on the toner accommodated in said development unit, said 
development unit holder is capable of holding at least two 
development units accommodating the toner of a same color, and 
said controller identifies said development units of the same 
color based on the color information identified by said 
identifying means, and controls the operation of said 
development unit holder so as to effect monochrome development 



i 

ml 

by using said at least two development units- 
[Claim 2] 

The image forming apparatus according to claim 1, wherein 
said development unit has storage means for storing the color 
information, and the color information is identified by said 
identifying means. 
[Claim 3] 

The image forming apparatus according to claim 1 or 2, 
wherein said development unit holder is a rotary body which 
selectively changes over said development unit used in 
development as said rotary body is rotatively driven, and said 
rotary body moves any one of said plurality of development units 
to a position opposing said electrostatic latent image carrier 
as said development unit holder is rotatively driven by said 
controller . 
[Claim 4] 

The image forming apparatus according to any one of claims 
1 through 3, wherein the operation of said development unit 
holder is controlled at a predetermined timing by said 
controller, and during development by a monochromatic toner, 
a changeover is made to another development unit accommodating 
the toner of the same color as the toner used in the development. 
[Claim 5] 

The image forming apparatus according to claim 4, wherein 
when development by the monochromatic toner continues, the 
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predetermined timing is set to a time when a predetermined 
number of pages has reached a predetermined value. 
[Claim 6] 

The image forming apparatus according to claim 4, wherein 
said development unit has storage means for storing an amount 
of toner consumed, and the predetermined timing is set to a time 
when an amount of toner consumed has reached a predetermined 
value . 
[Claim 7] 

A method of forming an image by an image forming apparatus 
in which color information on a toner accommodated in a 
plurality of development units held in a development unit holder 
is identified by an identifying means, and said development unit 
used in development is selectively changed over among said 
plurality of development units by a controller for controlling 
said development unit holder, so as to effect development, 
comprising the steps of: 

identifying the color information on the toner 
accommodated in said development unit by said identifying 
means; and 

identifying said development units of a same color based 
on the color information, and controlling the operation of said 
development unit holder by said controller so as to effect 
monochrome development by using at least two of said development 
units accommodating the toner of the same color. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to an image forming 
apparatus, such as a color printer and a facsimile machine, and 
an image forming method for forming an image by using 
electrophotographic technology. 
[0002] 

[Description of Conventional Art] 

Generally, an image forming apparatus (color printer) 
using electrophotographic technology is comprised of a 
photosensitive body, a charging means for charging the outer 
peripheral surface of the photosensitive body, an exposure unit 
for forming an electrostatic latent image by selectively 
exposing the outer peripheral surface of the photosensitive 
body, and a development unit for developing the electrostatic 
latent image into a toner image. Further, the image forming 
apparatus has a transfer unit for transferring the toner image 
onto a transfer object. A development rotary serving as a 
development unit holder, which has a substantially hollow 
cylindrical shape and is rotatably supported, is disposed at 
a position adjacent to the photosensitive body. The 
development rotary is formed in such a manner as to be capable 
of detachably installing development units of four colors 
(yellow Y, magenta M, cyan C, and black K) . 



[0003] 

[Problems to be Solved by the Invention] 
However, with the image forming apparatus of the 
above-described conventional configuration, since four 
development units are installed to form a color image, the size 
of each development unit becomes smaller than the size of one 
development unit in an image forming apparatus for a 
monochromatic color. For this reason, if development, i.e., 
printing, is effected in monochrome in a large quantity by using 
the toner of one development unit in the image forming apparatus 
for forming a color image, a time when the toner is used up 
becomes early as compared with a case where an image forming 
apparatus for a monochromatic color is used. 
[0004] 

Furthermore, the amounts of toners accommodated in the 
four development units are substantially the same. For this 
reason, in the case where monochromatic color printing is 
effected by using the toner of one development unit, a time when 
the toner used is used up becomes early as compared with the 
other toners. Accordingly, it is necessary to replace time and 
again the development unit of the toner used for the 
monochromatic color printing and replenish the toner, so that 
there has been a problem in that the replacement operation is 
very troublesome. 
[0005] 



In addition, it was conceived to form the development unit 
used in monochromatic color printing to be larger than the 
development units of the other colors, so as to increase the 
amount of toner accommodated. In that case, however, there is 
a limit to the size in making the development unit large owing 
to such as the internal structure of the color printer and the 
position where the development unit is installed. 
Additionally, a design change must be made in the shape of the 
development rotary to allow development units of different 
sizes, i.e., shapes, to be mounted, so that there has been a 
problem in that the manufacturing cost becomes high. 
[0006] 

The present invention has been devised by focusing 
attention on the problems inherent to such conventional art. 
Its object is to provide an image forming apparatus and an image 
forming method which make it possible to effect development by 
a monochromatic toner in a large quantity without changing the 
design of the development units and the development unit holder 
and which, during the development, make it possible to reduce 
the number of times of replacement of the development unit by 
delaying the time when the toner is used up. 
[0007] 

[Means to Solve Problems] 

To attain the above object, the image forming apparatus 
of claim 1 is an image forming apparatus including an 
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electrostatic latent image carrier for carrying an 
electrostatic latent image on a peripheral surface thereof, a 
plurality of development units each accommodating a toner and 
adapted to develop the electrostatic latent image by the toner, 
a development unit holder capable of holding the plurality of 
development units, and a controller for the development unit 
holder for controlling the operation of the development unit 
holder and for selectively changing over the development unit 
used in development among the plurality of development units, 
the image forming apparatus characterized by comprising: an 
identifying means for identifying at least color information 
on the toner accommodated in the development unit, wherein the 
development unit holder is capable of holding at least two 
development units accommodating the toner of a same color, and 
wherein the controller identifies the development units of the 
same color based on the color information identified by the 
identifying means, and controls the operation of the 
development unit holder so as to effect monochrome development 
by using the at least two development units. 
[0008] 

The image forming apparatus of claim 2, in the invention 
as described in claim 1, is characterized in that the 
development unit has storage means for storing the color 
information, and the color information is identified by the 
identifying means. 



[0009] 

The image forming apparatus of claim 3, in the invention 
as described in claim 1 or 2, is characterized in that the 
development unit holder is a rotary body which selectively 
changes over the development unit used in development as the 
rotary body is rotatively driven, and the rotary body moves any 
one of the plurality of development units to a position opposing 
the electrostatic latent image carrier as the development unit 
holder is rotatively driven by the controller, 
[0010] 

The image forming apparatus of claim 4, in the invention 
as described in any one of claims 1 through 3, is characterized 
in that the operation of the development unit holder is 
controlled at a predetermined timing by the controller, and 
during development by a monochromatic toner a changeover is made 
to another development unit accommodating the toner of the same 
color as the toner used in the development. 
[0011] 

The image forming apparatus of claim 5, in the invention 
as described in claim 4, is characterized in that when 
development by the monochromatic toner continues, the 
predetermined timing is set to a time when a predetermined 
number of pages has reached a predetermined value. 
[0012] 

The image forming apparatus of claim 6, in the invention 
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as described in claim 4, is characterized in that the 
development unit has storage means for storing an amount of 
toner consumed, and the predetermined timing is set to a time 
when an amount of toner consumed has reached a predetermined 
value . 
[0013] 

The image forming method of claim 7 is a method of forming 
an image by an image forming apparatus in which color 
information on a toner accommodated in a plurality of 
development units held in a development unit holder is 
identified by an identifying means, and the development unit 
used in development is selectively changed over among the 
plurality of development units by a controller for controlling 
the development unit holder, so as to effect development, 
comprising the steps of: identifying the color information on 
the toner accommodated in the development unit by the 
identifying means; and identifying the development units of a 
same color based on the color information, and controlling the 
operation of the development unit holder by the controller so 
as to effect monochrome development by using at least two of 
the development units accommodating the toner of the same color. 
[0014] 

[Embodiments of the Invention] 
(First Embodiment) 

Referring now to the drawings, a description will be given 
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of a first embodiment in which the present invention is embodied 
as an image forming apparatus (color printer) . Fig. 1 is a 
diagram schematically illustrating the interior of an image 
forming apparatus 10. It should be noted that in this first 
embodiment a description will be given of the embodiment of 
printing with a monochromatic toner, i.e., monochrome printing, 
in which a black toner accommodated in four development units 
23 (231 to 234) is used. 
[0015] 

First, a description will be given of an outline of the 
interior of the image forming apparatus 10. As shown in Fig. 
1, the following are provided in the image forming apparatus 
10 : a photosensitive body 17 serving as an electrostatic latent 
image carrier for carrying an electrostatic latent image on its 
peripheral surface; the development units 23 for accommodating 
a toner and developing the electrostatic latent image by the 
toner; and a development rotary 22 serving as a development unit 
holder capable of holding the plurality of development units 
23. In addition, further provided are an exposure unit 21, an 
intermediate transfer unit 12, a fixing unit 13, a paper feeder 
16, and a control unit 14 for providing control of the entire 
image forming apparatus 10 shown in Fig. 3. 
[0016] 

As shown in Fig. 1, the photosensitive body 17 has the 
shape of a drum, and a charger 19 for coming into sliding contact 



with an outer peripheral surface of the photosensitive body 17 
and uniformly charging the outer peripheral surface is 
installed at a position adjacent to the photosensitive body 17. 
After the outer peripheral surface of the photosensitive body 
17 has been charged by the charger 19, selective exposure 
corresponding to desired image information is effected on a 
photosensitive layer (not shown) of the photosensitive body 17 
by the exposure unit 21, and an electrostatic latent image 
corresponding to the image information is formed on the 
photosensitive layer . 
[0017] 

The development rotary 22 is disposed at a position 
adjacent to the photosensitive body 17 in such a manner as to 
be capable of being rotatively driven, and is constructed so 
as to be capable of holding the four development units 23 
(hereafter referred to as first, second, third, and fourth 
development units 231, 232, 233, and 234 in this specification) . 
In addition, position identifying means (not shown) capable of 
respectively identifying the positions of the development units 
23 held are provided in the development rotary 22, and the 
position identifying means is arranged to be capable of 
outputting position information to the control unit 14. 
[0018] 

As shown in Fig. 2, the development units 231 to 234 are 
respectively formed in an identical shape, and have cases 23a 



capable of accommodating the toner therein. Further, each case 
23a is provided with a development roller 23b supported 
rotatably by the case 23a, as well as a supply roller 23c 
supported rotatably in the case 23a and adapted to supply the 
toner to the surface of the development roller 23b by coming 
into pressure contact with the development roller 23b. 
Furthermore, a partition plate 23d is provided in the case 23a, 
and the interior of the case 23a is partitioned into the supply 
roller 23c side and the innermost side inside the case 23a by 
that partition plate 23d. A black toner is accommodated in each 
of the development units 231 to 234. 
[0019] 

In addition, as shown in Fig. 3, each of the development 
units 231 to 234 is provided with a nonvolatile memory 23 (shown 
as a memory in Fig . 3) constituted by a ROM as a color-information 
storing means and a storage means for storing the amount of toner 
consumed. Identification information for allowing each 
development unit 231 to 234 to be individually identified, such 
as toner color information, consumption amount information, and 
the date of manufacture of the toner accommodated in the case 
23a, is stored in each nonvolatile memory 23e. 
[0020] 

In addition, as shown in Fig. 1, the development units 
231 to 234 are respectively provided with development side 
connectors 24, and the nonvolatile memories 23e are 



respectively connected to the development side connectors 24. 
Meanwhile, a control side connector 25, which is connectable 
to the development side connector 24 and is arranged so as to 
be movable between its connecting position and its 
nonconnecting position, is provided at a position in the 
vicinity of the development rotary 22. 
[0021] 

In the state in which the four development units 231 to 
234 are held or, specifically speaking, installed, the 
development rotary 22 is rotatively driven by the control unit 
14 so that the development side connector 24 of any one of the 
development units 231 to 234 assumes a connectable position with 
respect to the control side connector 25. Then, the two 
connectors 24 and 25 are connected to read the identification 
information including the color information of the nonvolatile 
memory 23e, and the identification information on the four 
development units 231 to 234 is stored in the control unit 14. 
Further, the color information of the development units 231 to 
234 in the development rotary 22 and the position information 
identified by the position identifying means is related to each 
other, and the positions in the development rotary 22 where the 
development units 231 to 234 of the respective colors are 
installed are stored in the control unit 14. 
[0022] 

In addition, in the installed state, as the rotation of 
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the development rotary 22 is controlled by the control unit 14, 
the development roller 23b of one of the development units 231 
to 234 is disposed at a position (development position) where 
it opposes the photosensitive body 17. At this development 
position, the toner worn and charged by the rotation of the 
supply roller 23c is supplied to the development roller 23b side, 
and the toner as carried on the surface of the development roller 
23b is transferred onto a photosensitive layer of the 
photosensitive body 17. Then, an electrostatic latent image 
on the photosensitive body 17 is developed (toner image) by the 
toner and is formed into a visible image. 
[0023] 

Further, the charged toner, which is on the supply roller 
23c side in the case 23a of each development unit 231 to 234 
and has been collected after being used at the time of 
development, is discharged from the supply roller 23c side to 
the innermost side inside the case 23a as the rotation of the 
development rotary 22 is controlled. Subsequently, as the 
rotation of the development rotary 22 is controlled, the charged 
toner is mixed and agitated with the unused toner, and the two 
toners are uniformly dispersed and refreshed. Then, when the 
relevant one of the development units 231 to 234 is positioned 
again at the development position, the refreshed toner is 
supplied to the supply roller 23c side. 
[0024] 
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As shown in Fig. 1, the intermediate transfer unit 12 
disposed at a position above the photosensitive body 17 consists 
of a drive roller 29, a primary transfer support roller 27, a 
tension roller 28, a cleaner backup roller 26, an endless 
intermediate transfer belt 30 trained between the rollers 26 
to 29, and a cleaning means (not shown) . The photosensitive 
body 17 is disposed at a position opposing the primary transfer 
support roller 27 with the intermediate transfer belt 30 
interposed therebetween, and a secondary transfer roller 31 is 
disposed at a position opposing the drive roller 29 with the 
intermediate transfer belt 30 nipped therebetween. 
[0025] 

As a gear (not shown) fixed to an end portion of the drive 
roller 29 meshes with a drive gear (not shown) of a drive motor 
of the photosensitive body 17, the drive roller 29 is arranged 
to be rotatively drivable at substantially the same peripheral 
speed as the photosensitive body 17. Namely, the intermediate 
transfer belt 30 is circulatingly driven at substantially the 
same peripheral speed as the photosensitive body 17. 
[0026] 

Then, in the process in which the intermediate transfer 
belt 30 is circulatingly driven, the toner image formed on the 
photosensitive body 17 is transferred onto the intermediate 
transfer belt 30 at a pressure contact portion between the 
primary transfer support roller 27 and the photosensitive body 
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17 . Further, the toner image transferred onto the intermediate 
transfer belt 30 is transferred onto a recording medium 32 such 
as paper fed from the paper feeder 16 at a pressure contact 
portion between the secondary transfer roller 31 and the drive 
roller 29. The fixing unit 13 disposed at a position adjacent 
to the intermediate transfer unit 12 consists of a fixing roller 
33 having a heat source and a pressure roller 34 which is held 
in pressure contact with this fixing roller 33. 
[0027] 

Finally, after the toner image transferred onto the 
recording medium 32 is fixed on the recording medium 32 by the 
fixing unit 13, the recording medium 32 is discharged from 
outside the color printer. It should be noted that the toner 
remaining on the photosensitive body 17 is removed by a cleaning 
device 20 disposed at a position adjacent to the photosensitive 
body 17. 
[0028] 

Next, a description will be given of the control unit 14 
for controlling the above-described image forming apparatus 10. 
As shown in Fig. 3, the control unit 14 consists of a controller 
portion 38 and an engine control portion 35, and the two portions 
are connected to each other through an interface line. The 
controller portion 38 effects communication with a host 
computer 36, and the arrangement provided is such that various 
information such as image information prepared by application 
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software or the like of a personal computer (not shown) is sent 
from the host computer 36 to the controller portion 38. The 
controller portion 38 has the function of converting RGB data 
of red, green, and blue serving as image information signals 
sent from the host computer 36, into image data of yellow, 
magenta, cyan, and black. Further, the controller portion 38 
has the function of storing the image data in a memory (not shown) 
of the controller portion 38. It should be noted that, in this 
embodiment, the RGB data is converted into image data of black 
to effect monochrome printing. 
[0029] 

The engine control portion 35 has a CPU 40 serving as an 
identifying means and a controller, as well as a RAM 41, a ROM 
42, an I/O control portion 43, an A/D converter 44, a D/A 
converter 45, a main body memory 46, and the like. The CPU 40 
controls various portions making up the image forming apparatus 
10, and identifies the color information and the consumption 
amount information of the toner in the development units 231 
to 234. Then, when the CPU 40 determines that the amount of 
toner consumed has reached a predetermined amount, the CPU 4 0 
controls the rotative driving of the development rotary 22 at 
a predetermined timing. Further, when the CPU 40 determines 
that the amount of toner consumed in terms of an amount required 
for printing on the recording medium 32 of a predetermined size 
has reached a portion of a predetermined number of pages, the 
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CPU 4 0 controls the rotative driving of the development rotary 
22. 

[0030] 

In addition, the CPU 40 is so arranged that when the 
development side connector 24 of any one of the development 
units 231 to 234 and the control side connector 25 are connected, 
the CPU 40 becomes capable of communicating with the nonvolatile 
memory 23e, and becomes capable of reading the identification 
information of the nonvolatile memory 23e or capable of reading 
new identification information in the nonvolatile memory 23e. 
Further, the CPU 40 is so arranged as to identify the positions 
where the development units 231 to 234 of the respective colors 
are installed, by relating the identification information to 
the position information on the respective development units 
231 to 234 in the development rotary 22. 
[0031] 

Then, the CPU 40 identifies the positions and colors of 
the development units 231 to 234 of the development rotary 22, 
and provides control for rotating the development rotary 22 to 
cause one of the development units 231 to 234 accommodating the 
toner of a specified color to be located at the development 
position. In particular, during development of a 

monochromatic toner, the CPU 40 provides control for effecting 
a changeover to another development unit 23 accommodating the 
toner of the same color as that of the toner used in that 
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development at a predetermined timing, 
[0032] 

The RAM 41 temporarily stores various information on the 
image forming apparatus 10. In addition, the ROM 42 stores 
various programs for controlling the image forming apparatus 
10, and the I/O control portion 43 controls input/output data. 
The A/D converter 44 converts an analog signal in the image 
forming apparatus 10 into a digital signal, whereas the D/A 
converter 45 converts a digital signal into an analog signal. 
The main body memory 4 6 stores information on the presence or 
absence of the development units 231 to 234 in the development 
rotary 22, toner color information written in the nonvolatile 
memory 23e, various identification information such as the 
toner consumption amount information, and position information. 
Additionally, by means of the identification information and 
the position information the main body memory 4 6 stores the 
positions in the development rotary 22 where the development 
units 231 to 234 accommodating the respective colors are 
installed. 
[0033] 

Referring next to the flowchart shown in Fig. 4, a 
description will be given of the operation of effecting 
development by using the four development units 231 to 234 
(which will be referred to as the first development unit 231, 
the second development unit 232, the third development unit 233, 
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and the fourth development unit 234) for effecting monochrome 
printing by the image forming apparatus 10 of the 
above-described configuration. It should be noted that this 
operation is executed under control by the CPU 40 based on a 
program stored in the ROM 42. In addition, identification 
information to the effect that the black toner is accommodated 
in the respective nonvolatile memories 23e of the development 
units 231 to 234. 
[0034] 

Prior to the development operation, the development units 
231 to 234 and the CPU 40 communicate, and information on the 
presence or absence of the four development units 231 to 234 
and identification information on the development units 231 to 
234 are stored in the main body memory 46. Additionally, the 
positions where the development units 231 to 234 are installed 
are also stored in the main body memory 46. 
[0035] 

After a print command signal (image information signal) 
from the host computer 36 is converted into black image data 
by the controller portion 38, the black image data is stored 
in the memory of the controller portion 38. Upon completion 
of the conversion of the image data of a predetermined amount, 
information requesting a development start is transmitted to 
the engine control portion 35. Then, an electrostatic latent 
image is formed by the charger 19 and the exposure unit 21. 



[0036] 

Subsequently, the development rotary 22 is rotatively 
driven to move the first development unit 231 to the development 
position (Step 101 (hereafter simply referred to as S101) ) . 
Next, the development of the electrostatic latent image is 
effected by using the toner in the first development unit 231 
(S102) . Subsequently, it is determined that the amount of toner 
consumed in the first development unit 231 has reached such an 
amount at which the toner can be accommodated on the supply 
roller 23c side from the partition plate 23d of the case 23a. 
Then, the development rotary 22 is rotatively driven 360 degrees 
under control (S103) , so that the agitation of the toner in the 
first development unit 231 is effected, and the toner which is 
present on the innermost side inside the case 23a is supplied 
to the supply roller 23c side. 
[0037] 

Then, the amount of toner consumed in the first 
development unit 231 is read after the rotation of the 
development rotary 22, and the presence or absence of the toner 
is determined (S104) . If it is determined that the amount of 
toner consumed has not reached the amount of toner which was 
accommodated in the first development unit 231, and that the 
toner is still present in the first development unit 231 (NO 
in S104), development is continued by using the toner in the 
first development unit 231. 



[0038] 

If it is determined that the amount of toner consumed has 
reached the amount of toner which was accommodated in the first 
development unit 231, and that the toner is practically absent 
in the first development unit 231 (YES in S104) , the development 
rotary 22 is rotatively driven 90 degrees, and the second 
development unit 232 is moved to the development position (S105) , 
effecting a changeover to the different second development unit 
232 accommodating the black toner. Next, development of the 
electrostatic latent image is effected by using the toner of 
the second development unit 232 (S106) . 
[0039] 

Then, in the same way as in the case of the first 
development unit 231, as the development rotary 22 is rotatively 
driven 360 degrees, the agitation and supply of the toner in 
the second development unit 232 are subsequently carried out 
(S107) . After the rotation of the development rotary 22, the 
presence or absence of the toner is determined (S108) . If it 
is determined that the toner is present in the second 
development unit 232 (NO in S108) , development is continued by 
using the toner in the second development unit 232 . On the other 
hand, if it is determined that the toner is absent in the second 
development unit 232 (YES in S108) , the development rotary 22 
is rotatively driven 90 degrees, and the third development unit 
233 is moved to the development position (S109) . Then, 
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development is effected by using the toner of the third 
development unit 233 (S110) . 
[0040] 

Subsequently, as the development rotary 22 is rotatively 
driven 360 degrees, the agitation and supply of the toner in 
the third development unit 233 are carried out (Sill) . After 
the rotation of the development rotary 22, the presence or 
absence of the toner is determined (S112) . If it is determined 
that the toner is present in the third development unit 233 (NO 
in S112) , development is continued by using the toner in the 
third development unit 233. On the other hand, if it is 
determined that the toner is absent in the third development 
unit 233 (YES in S112) , the development rotary 22 is rotatively 
driven 90 degrees, and the fourth development unit 234 is moved 
to the development position (S113) . 
[0041] 

Further, development is effected by using the toner of 
the fourth development unit 234 (S114) . Then, as the 
development rotary 22 is rotatively driven 360 degrees, the 
agitation and supply of the toner in the fourth development unit 
234 are carried out (S115) . After the rotation of the 
development rotary 22, the presence or absence of the toner is 
determined (S116) . If it is determined that the toner is 
present in the fourth development unit 234 (NO in S116) , 
development is continued by using the toner in the fourth 



development unit 234. On the other hand, if it is determined 
that the toner is absent in the fourth development unit 234 (YES 
in S116), a message to the effect that the toner is absent is 
displayed on a display portion (not shown) of the image forming 
apparatus 10 (S117) , and development in a monochromatic color, 
i.e., print processing, ends, 
[0042] 

A description will be given hereafter of advantages 
offered by the above-described first embodiment. 
(1) The CPU 40 recognizes that the development units 231 to 
234 accommodating the black toner are installed at all the 
positions on the development rotary 22. For this reason, the 
CPU 40 recognizes that the black toner in one development unit 
23 has been used up, the CPU 40 identifies the position of the 
development unit 23 accommodating the toner of the same color, 
and moves the development unit 2 3 located at an adjacent 
position to the development position. For this reason, as soon 
as the toner has been used up, monochrome development can be 
effected by consecutively using the toner of the adjacent 
development units 231 to 234. Accordingly, unlike the 
conventional method in which monochrome printing is effected 
by using the black toner accommodated in only one of the four 
development units 231 to 234, it is possible to delay the time 
when the toner is used up by securing a large amount of toner. 
Thus, it is possible to reduce the number of operations of 
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replacing the development units 231 to 234 accompanying the 
toner replenishment, and effect monochrome development, i.e., 
monochrome printing, in a large quantity, 
[0043] 

(2) Since the development units 231 to 234 of the same shape 
are used, it becomes unnecessary to make design changes of the 
development units 231 to 234 for securing a large amount of toner 
accommodated, and make a design change in the development rotary 
22 for allowing the development units 231 to 234 to be installed. 
Accordingly, it becomes possible to effect monochrome 
development, i.e., monochrome printing, in a large quantity 
without making a design change in the conventional image forming 
apparatus 10, so that it is possible to eliminate the drawback 
that the manufacturing cost becomes high as a consequence of 
the design change. 

[0044] 

(3) As soon as the toner is used up, development is effected 
by using the adjacent development units 231 to 234 in the order 
of the first development unit 231, the second development unit 
232, the third development unit 233, and the fourth development 
unit 234. For that reason, as compared with a case where 
development is effected by using development units which are 
at opposing positions, e.g., the first development unit 231 and 
the third development unit 233, it is possible to shorten the 
time required for the rotative driving of the development rotary 
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22, and improve development throughput, i.e., printing 

throughput, in a predetermined period of time. 

[0045] 

(4) In the course of development by the development units 321 
to 234, the development rotary 22 is rotated to supply the toner 
accommodated on the innermost side inside the case 23a from the 
partition plate 23d to the supply roller 23c side from the 
partition plate 23d. For this reason, it is possible to 
overcome the trouble that although the amount of toner consumed 
has not reached a predetermined amount, the toner is used up 
on the supply roller 23c side, making development impossible. 

[0046] 

(Second Embodiment) 

Hereafter, in a second embodiment, a description will be 
given mainly of aspects which differ from the above-described 
first embodiment, and a description will be given by denoting 
identical members to those of the first embodiment by identical 
reference numerals. In the second embodiment, a program for 
controlling the rotative driving of the development rotary 22 
by the CPU 40 at a timing based on a predetermined criterion 
is stored in the ROM 42. The aforementioned timing is set to 
whether or not the amount of toner used has reached a continuous 
10-page portion in terms of an amount necessary for printing 
on an A4-size recording medium 32. 
[0047] 
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Further, in the second embodiment, referring to the 
flowchart shown in Fig. 5, a description will be given of the 
operation in which monochrome printing by the image forming 
apparatus 10 of the above-described configuration is effected 
by development using the two units of the first and second 
development units 231 and 232 installed at mutually opposing 
positions among the first to fourth development units 321 to 
234. Namely, the first and second development units 231 and 
232 installed at mutually opposing positions in the development 
rotary 22 are identified by the CPU 40, and the rotation of the 
development rotary 22 is controlled so that the two development 
units 231 and 232 will be respectively positioned at the 
development position. In addition, identification 

information to the effect that the black toner is accommodated 
is stored in the respective nonvolatile memories 23e of the 
first and second development units 231 and 232. Information 
on the presence of the two development units 231 and 232 and 
identification information on the development units 231 and 232 
are stored in the main body memory 46. 
[0048] 

After a print command signal (image information signal) 
from the host computer 3 6 is converted into black image data 
by the controller portion 38, and predetermined processing is 
effected, information requesting a development start is 
transmitted to the engine control portion 35. Then, an 
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electrostatic latent image is formed by the charger 19 and the 

exposure unit 21. 

[0049] 

Subsequently, the development rotary 22 is rotatively 
driven to move the first development unit 231 to the development 
position (S201) . Next, the presence or absence of printing is 
determined (S202) . If it is determined that there is printing 
to be effected (YES in S202), the presence or absence of the 
toner in the first development unit 231 is determined (S203; 
incidentally, shown as M IS 1 st TONER PRESENT?" in Fig. 5) . On 
the other hand, if it is determined that there is no printing 
to be effected(NO in S202), print processing ends. 
[0050] 

Then, if it is determined in S203 that the toner is present 
in the first development unit 231 (YES in S203) , development 
is effected by using the toner in the first development unit 
231 (S204) . Subsequently, the amount of toner used in the first 
development unit 231 is determined based on the aforementioned 
criterion (S205) . If it is determined that the amount of toner 
used in the first development unit 231 has not reached the 
continuous 10-page portion (NO in S205) , the operation returns 
to S202 to determine the presence or absence of printing that 
remains to be effected (S202) . If it is determined that there 
is no more printing to be effected (NO in S2 02) , development 
processing, i.e., print processing, ends. If it is determined 
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that there is more printing to be effected (YES in S202) , 
processing similar to the one described above is carried out 
again . 
[0051] 

If it is determined in S205 that the amount of toner used 
in the first development unit 231 has reached the continuous 
10-page portion (YES in S205) , the development rotary 22 is 
rotatively driven 180 degrees to move the second development 
unit 232 to the development position (S206) . Next, the presence 
or absence of printing is determined (S207) . If it is 
determined that printing is present (YES in S207) , the presence 
or absence of the toner in the second development unit 232 is 
determined (S208; incidentally, shown as "IS 2 nd TONER PRESENT?" 
in Fig. 5) . On the other hand, if it is determined that printing 
is absent (NO in S207), print processing ends. 
[0052] 

Then, if it is determined in S208 that the toner is present 
in the second development unit 232 (YES in S208), development 
is effected by using the toner in the second development unit 
232 (S209) . Subsequently, the amount of toner used in the 
second development unit 232 is determined based on the 
aforementioned criterion (S210) . If it is determined that the 
amount of toner used in the second development unit 232 has not 
reached the continuous 10-page portion (NO in S210), the 
operation returns to S207 to determine the presence or absence 
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of printing that remains (S207) . If it is determined that there 
is no more printing to be effected (NO in S207) , print processing 
ends. If it is determined that there is more printing to be 
effected (YES in S207) , processing similar to the one described 
above is carried out again. 
[0053] 

If it is determined in S210 that the amount of toner used 
in the second development unit 232 has reached the continuous 
10-page portion (YES in S210) , the development rotary 22 is 
rotatively driven 180 degrees to move the first development unit 
231 to the development position (S201) . Then, processing 
starting from S201 is carried out again in the same way as 
described above, and development is effected while a changeover 
is being made between the first development unit 231 and the 
second development unit 232 until there is no more printing to 
be effected. If there is no more printing, development 
processing, i.e., print processing, ends. 
[0054] 

It should be noted that if it is determined in S203 that 
the toner is absent in the first development unit 231 (NO in 
S203), the presence or absence of the toner in the second 
development unit 232 is determined (S211) . Then, if it is 
determined that the toner is present in the second development 
unit 232 (YES in S211) , the development rotary 22 is rotatively 
driven 180 degrees to effect development using the second 
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development unit 232, so that the second development unit 232 
is moved to the development position (S206) . Then, processing 
starting from S206 is carried out in the same way as described 
above . 
[0055] 

On the other hand, if it is determined in S211 that the 
toner is absent in the second development unit 232 (NO in S211) , 
a message to the effect that the toner is absent in the first 
or second development unit 231 or 232 is displayed on the display 
portion (not shown) of the image forming apparatus 10 (S213) , 
and print processing subsequently ends. 
[0056] 

Furthermore, if it is determined in S208 that the toner 
is absent in the second development unit 232 (NO in S208), the 
presence or absence of the toner in the first development unit 
231 is determined (S212) . Then, if it is determined that the 
toner is present in the first development unit 231 (YES in S212) , 
the development rotary 22 is rotatively driven 180 degrees to 
effect development using the first development unit 231, so that 
the first development unit 231 is moved to the development 
position (S201) . Then, processing starting from S201 is 
carried out in the same way as described above. 
[0057] 

On the other hand, if it is determined in S212 that the 
toner is absent in the first development unit 231 (NO in S212) , 
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a message to the effect that the toner is absent in the first 
or second development unit 231 or 232 is displayed on the display 
portion (not shown) of the image forming apparatus 10 (S213) , 
and print processing subsequently ends. 
[0058] 

Accordingly, in the second embodiment, control is 
provided by the CPU 40 so as to identify the first development 
unit 231 and the second development unit 232 installed at 
mutually opposing positions in the development rotary 22 and 
position the respective development units 231 and 232 to the 
development position. For this reason, the first development 
unit 231 and the second development unit 232 are used by being 
changed over in correspondence with the amount of toner used, 
to permit large-quantity and continuous monochrome development, 
i.e., monochrome printing. 
[0059] 

In addition, in the second embodiment as well, in addition 
to the advantages (1) and (2) of the first embodiment, the 
development rotary 22 used is rotated 180 degrees for each 
predetermined amount of development to change the development 
units 231 and 232, so that the used charged toner which is present 
on the supply roller 23c side and the unused toner inside the 
case 23a are uniformly mixed and refreshed by that rotation. 
Further, if the development rotary 22 is rotated 180 degrees 
again, the refreshed toner is supplied to the supply roller 23c, 
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and development is effected by that refreshed toner. As a 
result, it is possible to prevent the development of an 
electrostatic latent image by the toner in which charged toner 
is scattered in a large quantity, thereby making it possible 
to prevent a decline in the image quality obtained. 
[0060] 

It should be noted that this embodiment can be embodied 
by making the following modifications. 

* In the first embodiment, the amount of toner consumed is 
stored in the nonvolatile memory 23e, and the development rotary 
22 is rotated based on that amount of toner consumed. However, 
a toner counter may be provided, and the development rotary 22 
may be rotated when the consumption of the toner by a 
predetermined amount has been counted by the toner counter. 
[0061] 

* In the second embodiment, the amount of toner used is 
converted to a number of printing pages, and the time when a 
predetermined number of pages has been reached is set as the 
timing for the changeover the development unit 23. However, 
the changeover timing may be changed to the total printing time, 
the number of times of development, the number of printing dots, 
the period of the vertical synchronizing signal (VSYNC) , or the 
like . 

[0062] 

* In the second embodiment, the amount of used toner in the 
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development units 231 and 232 is converted to a quantity 
necessary or development, i.e., printing, on the recording 
medium 32 of the A4 size, and whether or not a continuous 10-page 
portion has been reached is set as the changeover timing. 
However, the paper size of the recording medium 32 may be changed 
to A3, A5, B4, B5, or a post card, and the converted quantity 
may be changed, as required, to continuous 20 pages, 30 pages, 
40 pages, or the like. 
[0063] 

* In each embodiment, the development rotary 22 may be 
arranged so as to be capable of installing five or more 
development units 23, development units 23 accommodating the 
toners of yellow, cyan, and magenta may be installed, and two 
or more development units 23 accommodating the black toner may 
be installed. If such an arrangement is provided, development 
by the black toner and full-color development become possible. 
[0064] 

* In the first embodiment, any one of the following may be 
carried out: monochrome development using any one of the first 
to fourth development units 231 to 234; monochrome development 
using the first and second development units 231 and 232; 
monochrome development using the first to third development 
units 231 to 233; monochrome development using the second and 
third development units 232 and 233; monochrome development 
using the first to fourth development units 231 to 234; 



monochrome development using the second to fourth development 
units 232 to 234; and monochrome development using the third 
and fourth development units 233 and 234. 
[0065] 

* In the second embodiment, the development units 231 and 
232 of black may be installed at mutually opposing positions 
in the development rotary 22, and the development units 233 and 
234 of a different and the same color may be installed at the 
other mutually opposing positions. If such an arrangement is 
provided, the image forming apparatus 10 is capable of two-color 
printing including monochrome development by the black toner 
and monochrome development by the toner of the other color. 
[0066] 

* In the second embodiment, development may be effected by 
using only the first or the second development unit 231 or 232. 

* In each embodiment, the development rotary 22 is made 
rotatively drivable in one direction, but the development 
rotary 22 may be arranged to be rotatively drivable in both 
forward and reverse directions. For example, at least two 
development units 23 of the same color may be installed at 
adjacent positions, and the development units 231 and 232 which 
are used based on a predetermined criterion may be changed over 
between the two development units 231 and 232. 

[0067] 

* In each embodiment, monochrome printing is effected by 
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development using the black toner, the development units 23 
accommodating the toner of yellow, cyan, or magenta may be 
installed in the development rotary 22 to effect monochrome 
printing in yellow, cyan, or magenta. 
[0068] 

* In the first embodiment, the four development units 231 
to 234 are installed in the development rotary 22. However, 
two development units 231 and 232 or three development units 
231, 232, and 233 may be installed, and development may be 
effected by using them by turns. It should be noted that, at 
this time, a development unit 23 in which the toner is not 
accommodated may be installed in the development rotary 22. 
Furthermore, at least two development units 23 accommodating 
the toner of the same color may be installed in the development 
rotary 22 capable of installing five or more development units 
23, so as to effect monochrome development. 

[0069] 

* In the first embodiment, an agitating member for 
agitating the toner inside the case 23a may be provided. If 
such an arrangement is provided, since the toner in the case 
23a is refreshed by the agitating member, it is possible to 
prevent the development of an electrostatic latent image by the 
toner in which charged toner is scattered in a large quantity, 
thereby making it possible to prevent a decline in the image 
quality obtained. 
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[0070] 

* In each embodiment, the first to fourth units 231 to 234 
having the same shape are used, but it is possible to use the 
first to fourth units 231 to 234 having different shapes. 
[0071] 

* In each embodiment, the development units 231 to 234 of 
the same color in the development rotary 22 are identified based 
on the color information and position information stored in the 
nonvolatile memories 23e as the storage means of the first to 
fourth development units 231 to 234. However, the nonvolatile 
memories 23e of the development units 231 to 234 maybe omitted. 
Then, color information making it possible to identify the 
development units 231 to 234 for each color, such as angles of 
reflection of projections and reflecting mirrors, may be formed 
on the first to fourth development units 231 to 234, that color 
information may be identified by the CPU 40, and the color 
information may be stored in the main body memory 4 6 by being 
related to the position information in the development rotary 
22. Then, the CPU 40 may identify the development units 23 of 
the same color based on the information stored in the main body 
memory 4 6 to control the rotation of the development rotary 22, 
thereby effecting monochrome development. 

[0072] 

* In each embodiment, identification information including 

color information is stored in the nonvolatile memories 23e of 
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the first to fourth development units 231 to 234, but the 
identification information may be stored in the main body memory 
46. Then, monochrome development may be effected by 
identifying the development units 23 of the same color by 
relating the identification information and the position 
information stored in the main body memory 46. 
[0073] 

* In each embodiment, the development units 231 to 234 are 
identified based on the color information stored in the 
nonvolatile memories 23e, but the development units 231 to 234 
may be identified based on various information including 
toner-remaining-amount information, toner quality information, 
and the date of manufacture of the toner, and the like. 
[0074] 

* An arrangement may be provided such that the 
photosensitive body 17 is disposed at a position below the 
development rotary 22, and development is effected by the 
development units 23 positioned immediately below the 
development rotary 22. If such an arrangement is provided, in 
the case where the development rotary 22 is arranged to be 
rotatively drivable in both forward and reverse directions and 
the development units 23 are installed at, for instance, 
adjacent positions, and the development unit 23 used is changed 
over between the two development units 23, the agitation and 
mixing of the toner is carried out effectively, and the toner 



is refreshed. 
[0075] 

* In each embodiment, development by the toner is effected 
by installing the development units 231 to 234 in the 
development rotary 22 with respect to one photosensitive body 
17, the invention may be embodied as a tandem- type image forming 
apparatus 10 in which an image forming unit is formed by 
providing a development unit 23 of one color with respect to 
one photosensitive body 17, and four image forming units are 
provided, or as an elevator- type image forming apparatus 10 
having image forming units in which the first to fourth 
development units 231 to 234 are raised or lowered with respect 
to one photosensitive body 17 to effect development by the 
respective development units 231 to 234. Furthermore, in the 
image forming apparatus 10 of each type, at least two 
development units 23 accommodating the toner of the same color 
may be provided to effect monochrome development by development 
using the at least two development units 23. 

[0076] 

* In the first embodiment, when the toner in the development 
unit 23 being used has been exhausted, development may be 
effected by using the development unit 23 at a mutually opposing 
position by rotating the development rotary 22 180 degrees. If 
such an arrangement is adopted, when the development unit 23 
is changed over, the agitation and mixing of the toner is carried 
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out effectively, and the toner is refreshed. 
[0077] 

* In each embodiment, development is effected by causing 
the development roller 23b to come into sliding contact with 
the pp 17, but development may be effected by a jumping system. 

* In each embodiment, the storage means is embodied as the 
ROM, but the storage means may be embodied as a bar code, a 
magnetic tape, or the like. 

[0078] 

* In the first embodiments, the image forming apparatus 10 
is embodied as a color printer, but the image forming apparatus 
10 may be embodied as a monochromatic color printer, a facsimile 
machine, or the like. 

Next, technical concepts which can be ascertained from 
the foregoing embodiments and modifications will be 
additionally described together with their advantages. 
[0079] 

* An image forming apparatus characterized in that 
development units are installed at mutually opposing positions 
in the development unit holder, and the development unit holder 
is arranged to be rotatively drivable to allow the development 
units to be inverted by a controller. If such an arrangement 
is provided, when the development unit is changed over, the 
agitation and mixing of the toner is carried out effectively, 
and the toner is refreshed. 
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[0080] 

Since the present invention is arranged as described 
above, the following advantages are offered. 

According to the image forming apparatus of claim 1, it 
is possible to effect development by a monochromatic toner in 
a large quantity without changing the design of the development 
units and the development unit holder and, during the 
development, make it possible to reduce the number of times of 
replacement of the development unit by delaying the time when 
the toner is used up. 
[0081] 

According to the image forming apparatus of claim 2, in 
addition to the advantages of the invention as described in 
claim 1, identification of the development units can be effected 
easily. 

According to the image forming apparatus of claim 3, in 
addition to the advantages of the invention as described in 
claim 1 or 2, the used charged toner and the unused toner can 
be agitated and mixed to refresh the entire toner. Hence, it 
is possible to prevent the development of an electrostatic 
latent image by the toner in which charged toner is scattered 
in a large quantity, thereby making it possible to prevent a 
decline in the image quality obtained. 
[0082] 

According to the image forming apparatus according to any 




one of claims 4 through 6, in addition to the advantages of the 
invention as described in any one of claims 1 through 3, a time 
lag can be eliminated which can occur when the development unit 
is changed over after it became known that the toner in the 
development unit has been completely used up, and that 
development has become impossible. Accordingly, it is 
possible to effect continuous development by a monochromatic 
toner . 
[0083] 

According to the image forming method of claim 7, it is 
possible to effect development by a monochromatic toner in a 
large quantity without changing the design of the development 
units and the development unit holder and, during the 
development, make it possible to reduce the number of times of 
replacement of the development unit by delaying the time when 
the toner is used up. 
[Brief Description of the Drawings] 

a schematic diagram illustrating an image forming 
apparatus in accordance with an embodiment; 

a cross-sectional view illustrating a development rotary 
and development units in accordance with the embodiment; 

a block diagram illustrating a controller in accordance 
with the embodiment; 

a flowchart illustrating a development operation in 
accordance with a first embodiment; and 
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a flowchart illustrating a development operation in 
accordance with a second embodiment. 
[Description of Reference Numerals] 
10 image forming apparatus 

17 photosensitive body as electrostatic latent image 
carrier 

22 development rotary as development unit holder 

23 (231,232,233,234) development units 
23e nonvolatile memory as storage means 

40 CPU as identifying means and controller 




[Document Name] Abstract 
[Abstract] 

[Object] The object of the invention is to provide an image 
forming apparatus and an image forming method which make it 
possible to effect development by a monochromatic toner in a 
large quantity without changing the design of the development 
units and the development unit holder and which, during the 
development, make it possible to reduce the number of times of 
replacement of the development unit by delaying the time when 
the toner is used up. 

[Means to solve the problems] 

Four development units are installed in a development 
rotary, and black toner is accommodated in all of four 
development units. Development unit in adjacent position is 
subsequently moved to a development position by CPU when the 
toner is used up. 
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